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SUMMARY 
Recent s tudies have shown t h a t q u a l i t a t i v e d i f f erences on 
perceptual and cognit ive l earn ing tasks e x i s t between apes and monkeys. 
Apes, p a r t i c u l a r l y chimpanzees, have been shown superior to monkeys on 
some l earn ing tasks (e .g . discriminat ion l earning se t s and the t r a n s ­
f e r index) . Chimpanzees have demonstrated a capacity to in t egra te i n ­
formation across sensory modal i t i e s , while no evidence f o r t h i s capacity 
in monkeys has been obtained. I t has been shown t h a t chimpanzees are 
capable of language- l ike behaviors , while such has not been shown i n 
monkeys. Ear ly r e s t r i c t e d environments have no e f f e c t on l a t e r cogni­
t i v e a b i l i t i e s in monkeys, while chimpanzees show d e f i c i t s in a v a r i e t y 
of conceptual areas when reared in r e s t r i c t e d environments. 
Findings regarding one p a r t i c u l a r cognit ive l earn ing task , the 
r e v e r s a l - n o n r e v e r s a l s h i f t problem, have been of i n t e r e s t because of 
d i f f erences found i n the performance of human and nonhuman subjects on 
t h i s t a s k . Nonhuman animals, such as r a t s , chickens and monkeys, p e r ­
form b e t t e r on nonreversal s h i f t problems while human adul t s do b e t t e r 
on the r e v e r s a l s h i f t problems. A developmental trend a l so occurs i n 
humans. Kindergarten chi ldren perform b e t t e r on nonreversal s h i f t p r o ­
blems and performance on r e v e r s a l problems improves with age u n t i l i t 
becomes superior to nonreversal s h i f t performance in the a d u l t . 
Differences in performance of chimpanzees and monkeys on a v a r i e t y 
of cogni t ive problems suggests t h a t chimpanzees might perform 
d i f f e r e n t l y than monkeys on the reversa l -nonrever sal s h i f t problem. 
v i i 
For t h i s reason chimpanzee performance on the r e v e r s a l - n o n r e v e r s a l 
s h i f t problem was i n v e s t i g a t e d . 
The r e s u l t s showed t h a t chimpanzees, l i k e other nonhuman 
organisms, performed b e t t e r on nonreversal s h i f t problems. This 
f inding f u r t h e r supports the mediational model of r e v e r s a l - n o n r e v e r s a l 
s h i f t performance, and i s cons is tent with the notion t h a t human 
performance on t h i s task i s influenced by the presence of language. 
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CHAPTER I 
INTRODUCTION 
One f r u i t f u l approach to the study of comparative behavior i s t o 
compare the behaviors of animals who have evolved from a common ances­
t o r . S i m i l a r i t i e s and d i f ferences between the behaviors of animals 
t h a t are descendants of a common ancestor are important i n understand­
ing evo lut ionary trends (Hodos & Campbell, 1969)• Present-day species 
presumably r e t a i n some of the behavioral c h a r a c t e r i s t i c s of t h e i r 
ancestors and thus provide c lues to t h e i r evo lut ionary l i n e a g e . Simi­
l a r i t i e s and d i f f erences between animals who share many behavioral and 
morphological c h a r a c t e r i s t i c s provide evidence about changes t h a t have 
occurred during evo lu t ion . 
Members of the mammalian order primates include man, apes, 
monkeys, and prosimians. I t appears from paleonto log ica l and morpho­
l o g i c a l evidence t h a t man shares an ancestry with the other primate 
species which other animals do not share (Young, 1962). Man i s p e r ­
haps more c l o s e l y r e l a t e d to the Great Apes (chimpanzees, Pan 
t r o g l o d y t e s , orang-utans, Pongo pygmaeusj and g o r i l l a s , G o r i l l a 
g o r i l l a ) than to the other primates since they are thought to share an 
ancestor not common to the other pr imates . This common ancestry would 
imply t h a t the study of nonhuman pr imates , e s p e c i a l l y the Great Apes, 
i s important t o the understanding of man. 
This t h e s i s i n v e s t i g a t e s the performance of chimpanzees on a 
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p a r t i c u l a r concept formation task , the r e v e r s a l - n o n r e v e r s a l s h i f t 
problem, so t h a t t h i s performance can be compared with t h a t of other 
pr imates , s p e c i f i c a l l y man and monkeys. This introduct ion w i l l examine 
the performance of monkeys and apes on c e r t a i n conceptual and percep­
t u a l t a s k s . The performance of monkeys and apes on concept formation 
tasks w i l l be t r e a t e d more s p e c i f i c a l l y with special emphasis given to 
the r e v e r s a l - n o n r e v e r s a l s h i f t problem and r e l a t e d research f indings . 
F i n a l l y the purpose and r a t i o n a l e of the present study w i l l be set 
f o r t h . 
Cognitive and Perceptual A b i l i t i e s of Monkeys and Apes 
In a number of areas involv ing complex cognit ive and perceptual 
a b i l i t i e s apes have been shown to be superior to other nonhuman p r i ­
mates. For example, there are q u a l i t a t i v e d i f f erences between apes and 
monkeys with regard to t h e i r a b i l i t y to i n t e g r a t e information across 
sensory moda l i t i e s . Chimpanzees a l so seem to be able to recognize t h e i r 
image in a m i r r o r , while monkeys do n o t . Chimpanzees are capable of 
exhibi t ing rudimentary elements of na tura l language such as syn tac t i ca l 
arrangement, c l a s s and object concepts, and i n t e r r o g a t i v e s . Such a b i l i ­
t i e s have not been demonstrated in monkeys. In addi t ion , chimpanzees 
perform b e t t e r than monkeys on some l earn ing tasks such as l earning 
s e t s and the t r a n s f e r index. A r e l a t e d finding which a l so suggests 
q u a l i t a t i v e d i f f erences between apes and monkeys i s t h a t e a r l y impov­
erished rear ing i s associated with impaired performance on l earn ing 
tasks l a t e r in l i f e in chimpanzees, but not in monkeys. Of course, 
there are many l earn ing tasks on which apes and monkeys have not been 
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compared. In the fol lowing sect ions the d i f ferences between ape and 
monkey performance on var ious perceptual and cognit ive tasks w i l l be 
examined i n d e t a i l . 
Gross-Modal Perception 
One area in which apes have been shown to possess superior 
perceptual a b i l i t i e s as compared to monkeys i s cross-modal percept ion, 
t h a t i s , the a b i l i t y to i n t e g r a t e information across sensory moda l i t i e s . 
Research in t h i s area has been conducted to determine which species are 
capable of using information presented in two d i f f e r e n t sensory modali­
t i e s ( e . g . v i s i o n and touch) to solve a problem. Two d i f f e r e n t e x p e r i ­
mental approaches have been employed i n inves t iga t ing cross-modal p e r ­
ception. These are the t r a n s f e r of t r a i n i n g paradigm and the matching-
to-sample paradigm. While i t has been shown t h a t apes are capable of 
i n t e g r a t i n g information across sensory modal i t i e s , the research f i n d ­
ings in t h i s area suggest t h a t monkeys do not possess t h i s a b i l i t y . 
Early researchers in t h i s area used the t r a n s f e r of t r a i n i n g 
paradigm to i n v e s t i g a t e cross-modal perception in monkeys. This p r o ­
cedure required t h a t subjects l e a r n to discriminate between the objects 
presented i n one modality , f o r example, touch. Following c r i t e r i o n 
performance on t h i s i n i t i a l d i scr iminat ion , the same objec t s were p r e ­
sented in a new modal i ty , f o r example, v i s i o n . I f the discriminat ion 
in the second modality was l earned i n fewer t r i a l s than i n the f i r s t 
modality , t h i s r e s u l t was taken, by some i n v e s t i g a t o r s , to ind icate 
t h a t the subject possessed cross-modal perceptual a b i l i t y . While some 
researchers reported p o s i t i v e r e s u l t s using t h i s procedure (Kluver , 
1936; Stepien & Cordeau, 1960$ Wilson & Wilson, 1962$ Wilson & S h a f f e r , 
1963) o thers reported negative evidence f o r cross-modal t r a n s f e r i n 
monkeys ( E t t l i n g e r , I960; Burton & E t t l i n g e r , I960; Blakeslee & Gunter, 
1966; Rothblat t & Wilson, 1968). The negative r e s u l t s l e d some to 
speculate t h a t language was the necessary bas i s of cross-modal percep­
t ion and, t h e r e f o r e , t h a t nonhuman organisms would not exh ib i t the 
phenomenon ( E t t l i n g e r , 1967)• 
In addit ion t o the incons i s tent f ind ings , there was a methodolog­
i c a l problem with the t r a n s f e r of t r a i n i n g paradigm employed in these 
s tud ie s . Since the st imuli were presented severa l times in each modal­
i t y , subjects were not forced to equate s t imul i across modal i t i e s . 
Be t t er performance i n the second modality might have occurred because 
d iscr iminat ions i n t h a t modality may have been e a s i e r to l e a r n than 
discr iminat ions in the f i r s t modality. The only evidence t h a t would 
have ind icated t h a t the subject t r u l y i d e n t i f i e d an object presented 
in one modality as being the same as an object prev ious ly presented i n 
a d i f f e r e n t modality would have been data which represented the animal^ 
f i r s t encounter with t h a t object in the new modality. An unequivocal 
demonstration of cross-modal perception would require t h a t the subject 
l e a r n t o choose an object presented in one modality and then c o r r e c t l y 
s e l ec t from the two a l t e r n a t i v e s an i d e n t i c a l object presented i n another 
modality f o r the f i r s t t ime. This procedure has r e c e n t l y been used t o 
study the cross-modal perceptual a b i l i t i e s of apes. The r e s u l t s i n d i ­
cated t h a t chimpanzees and orang-utans do exh ib i t cross-modal t r a n s f e r . ^ 
This procedure has not as y e t been attempted with monkeys. 
. K. Davenport, personal communication, June 197iw 
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Cross-modal perceptual a b i l i t i e s have a l so been inves t igated by-
using a cross-modal matching-to-sample paradigm involv ing unique p r o ­
blems on each t r i a l . In t h i s procedure a unique objec t , t h a t i s , one 
t h a t the subject i s not f a m i l i a r with , i s presented i n one modality. 
At the same time an i d e n t i c a l object and another unique object are p r e ­
sented to the subject in another modality. The subject s e l ec t s one of 
these and i s rewarded i f he s e l e c t s the object which i s i d e n t i c a l to 
the object presented in the other modality. Using t h i s procedure apes 
have been shown to possess cross-modal perceptual a b i l i t i e s (Davenport 
& Rogers, 1970; Davenport & Rogers, 1971 ; Davenport, Rogers, & Russe l l , 
1973) thus ind ica t ing t h a t language i s not the only bas i s f o r c r o s s -
modal percept ion . This technique has a l so been applied to monkeys, and 
to date the phenomenon has not been demonstrated in rhesus monkeys 
(Macaca mulatta) or Afr i can green monkeys (Cercopithecus aethiops) 
(See footnote 1 ) . A s imi lar matching-to-sample procedure involv ing 
repeated t r i a l s , and using non-unique o b j e c t s , has a l so been used with 
monkeys. Thus f a r , no evidence f o r cross-modal a b i l i t i e s i n monkeys 
has been reported (Et t l inger & Blakesmore, 1967; Mi lner , 1973) . These 
r e s u l t s suggest q u a l i t a t i v e d i f f erences between apes and monkeys in 
regard t o t h i s perceptual a b i l i t y . 
Self -Recognit ion 
Gallup (1970) has reported t h a t chimpanzees were able t o l e a r n to 
recognize t h e i r own r e f l e c t i o n s while monkeys were no t . A f t e r 10 days 
of prolonged (8 hours per day) exposure to mirrors l i chimpanzees were 
anesthet ized and then marked with a red a lcoho l - so luble dye above one 
eyebrow and on the top h a l f of the opposite e a r . Following recovery 
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from anesthes ia , each animal was observed f o r 30 minutes t o determine 
the number of times any marked p a r t of the skin was touched spontane­
ously without the mirror p r e s e n t . Afterward the mirror was reintroduced 
and the number of times marked p a r t s of the skin were touched was again 
recorded. While almost no mark-directed responses occurred when the 
mirror was absent, the frequency of such responses increased s i g n i f i c a n t ­
l y a f t e r the mirror was reintroduced. Monkeys t e s t ed i n the same f a s h ­
ion showed no marked-directed responses a f t e r 1U days of prolonged 
(12 hours per day) mirror exposure. These r e s u l t s suggest tha t q u a l i - . 
t a t i v e d i f f erences e x i s t between monkeys and apes i n t h e i r a b i l i t y to 
recognize t h e i r own r e f l e c t e d image. 
Learning Set Problems 
Chimpanzees have been shown to perform b e t t e r than rhesus monkeys 
on l e a r n i n g set problems. The l earning set paradigm, as devised by 
Harlow ( 1 9 h 9 ) , i s simply a s e r i e s of d i f f e r e n t discr iminat ion problems, 
each of which i s presented f o r some set number of t r i a l s . Severa l types 
of d iscr iminat ion problems can be used including simple object d iscr im­
i n a t i o n , p o s i t i o n a l ( l e f t - r i g h t ) cUscriinination, oddity problems, or 
discr iminat ion r e v e r s a l s . The dependent v a r i a b l e of i n t e r e s t i s the 
percentage of c o r r e c t t r i a l s on successive discr iminat ion problems. 
Monkeys show a gradual improvement in performance on successive problems 
u n t i l approaching 10$ correc t performance. However, chimpanzees make 
l e s s e r r o r s than monkeys on i n i t i a l problems and reach asymptotic p e r ­
formance in s i g n i f i c a n t l y fewer t r i a l s than do monkeys on simple discr im­
ina t ion l earn ing set problems (Hayes, Thompson, & Hayes, 1953). 
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Transfer Index 
Chimpanzees have a l so performed b e t t e r than monkeys on the 
t r a n s f e r index which was developed by Rumbaugh (1971) as a measure of 
"comparative i n t e l l i g e n c e . " This measure invo lves equating groups of 
animals on i n i t i a l mastery of a two-choice v i s u a l discrimination task , 
followed by t e s t i n g f o r t r a n s f e r of t ra in ing on the r e v e r s a l of the 
i n i t i a l d i scr iminat ion . The animals are equated f o r mastery of i n i t i a l 
d iscr iminat ion by t r a i n i n g them t o a spec i f i c c r i t e r i o n l e v e l . The 
t r a n s f e r index measure i s the mean r a t i o of correc t percentage on the 
r e v e r s a l t r i a l s ( t r i a l 1 i s deleted) to the c r i t e r i o n used on the i n i ­
t i a l d i scr iminat ion . Rumbaugh (1971) has reviewed the r e l e v a n t l i t e r a ­
t u r e concerning chimpanzee performance on the t r a n s f e r index in addit ion 
to other l earn ing tasks such as simple discrimination and learning s e t s . 
Based on t h i s review, he concluded that apes possess superior l earning 
s k i l l s when compared with other nonhuman pr imates . 
Res tr i c t ed Rearing Effects 
Another l i n e of research t h a t suggests q u a l i t a t i v e d i f f erences 
in the i n t e l l e c t u a l functioning of primates i s the e f f e c t of e a r l y 
impoverished rear ing on l a t e r performance on l earn ing t a s k s . Harlow 
and h i s a s soc ia te s (Harlow, Harlow, S c h i l t z , & Mohr, 1971) have r e ­
ported t h a t rhesus monkeys reared in an impoverished environment are not 
i n f e r i o r to animals given standard laboratory rear ing on l earning tasks 
such as simple d iscr iminat ion , delayed response, l earning set and 
oddity problems. In chimpanzees, however, e a r l y r e s t r i c t e d environments 
are associated with a v a r i e t y of d e f i c i t s i n performance on cognit ive 
ta sks (delayed response, l earning s e t s , oddity , and t r a n s f e r index) l a t e r 
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i n l i f e (Davenport & Rogers, 1968; Davenport, Rogers, & Menzel, 1969; 
Rogers & Davenport, 1971; Davenport, Rogers, & Rumbaugh, 1973). 
Language-Like Behavior 
An addi t iona l example of chimpanzee cognit ive a b i l i t y has been 
the recent demonstration of language- l ike behavior . The Gardners 
(Gardner & Gardner, 1969) and Premack (1970; 1971) have demonstrated 
basic l i n g u i s t i c phenomena, such as symbolization, syntax, object and 
c l a s s concepts, negation, and i n t e r r o g a t i v e s , in t h e i r chimpanzees. 
Rumbaugh and h i s assoc ia tes (Rumbaugh, G i l l , & Von Glasers fe ld , 1973) 
are attempting to teach an a r t i f i c i a l language to a chimpanzee through 
care fu l arrangement of spec i f i c response contingencies. So f a r , they 
have reported t h a t the animal has demonstrated reading and sentence 
completion s k i l l s . At t h i s time there i s no evidence a v a i l a b l e 
suggesting t h a t monkeys possess such a b i l i t i e s . 
Concept Formation Studies of Apes and Monkeys 
The area of concept formation i s one of specia l i n t e r e s t in the 
general area of l earn ing processes . Concept formation studies aim at 
discovering the basic processes and r e l a t i o n s h i p s t h a t an organism uses 
in categoriz ing aspects of the phys ica l environment. Some of the studies 
of concept formation in apes and monkeys are reviewed in t h i s sect ion. 
Studies of concept formation in monkeys include the work of 
Brown and h i s as soc ia tes (Brown, O v e r a l l , & Gentry., 1958; Brown, Overa l l , 
& Blodgett , 19^9) who demonstrated t h a t rhesus monkeys can l e a r n to 
respond on the bas i s of nove l ty . The procedure involved present ing 
stimulus p a i r s which consisted of one new object and one object re ta ined 
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from the immediately previous problem. In the f i r s t study, the new 
object was the unrewarded member of the p a i r . In the l a t e r study, the 
new object was unrewarded in the f i r s t ha l f of the problems, and rewarded 
i n the second h a l f f o r one group of animals, and v i c e - v e r s a f o r another 
group. F i r s t t r i a l e r r o r s (each problem consisted of four t r i a l s ) 
decreased s t e a d i l y and r e l i a b l y in both condit ions . Other i n v e s t i g a t o r s 
have found t h a t rhesus monkeys can solve discrimination problems on 
the b a s i s of concepts of shape (Andrew & Harlow, 19*4.8), number (Hicks, 
1956), and s ize (Kluver, 193). Stone (1961) a l so reported tha t rhesus 
monkeys could a t t a i n concepts of c o l o r , form, and s ize with extended 
t r a i n i n g . S q u i r r e l monkeys (Saimir i sciurens) can solve simple concept 
problems i n addit ion to problems based on conjunctive and d i s j u n c t i v e 
concepts, in which two dimensions are r e l e v a n t to the correc t so lut ion 
of the problem (Wells & Deffenbacker, 1966, 1967). 
In addi t ion , Bernstein (1961) has devised a method of t e s t i n g 
apes and monkeys f o r t h e i r a b i l i t y to perform on the bas i s of dimension-
abstracted oddi ty . Five d i f f e r e n t stimulus objec t s were presented, four 
of which were i d e n t i c a l on a given r e l e v a n t dimension, while the p o s i ­
t i v e (re inforced) object was d i f f e r e n t with respect to the r e l e v a n t d i ­
mension. The se t of stimulus objects var i ed from t r i a l to t r i a l , while 
the r e l e v a n t dimension remained the same. Using t h i s technique, i t was 
shown that chimpanzees, orang-utans, p i g - t a i l e d macaques j (Macaca neme-
s t r i n a ) , and rhesus monkeys could a l l solve oddity problems based on 
s i z e , br ightness , number and co lor . 
A number of concept formation studies have been conducted on 
chimpanzees. For example, chimpanzees have been shown to be able to 
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respond on the bas i s of dimension-abstracted sameness (Robinson, 195, 
I 9 6 0 ) . In t h i s problem, two p a i r s of objec ts are presented, the objects 
in the p o s i t i v e p a i r being i d e n t i c a l t o each o ther , while the objects 
i n the negat ive p a i r are d i f f e r e n t from each o t h e r . The animals are 
then te s ted f o r t r a n s f e r of the sameness concept to new p a i r s of o b j e c t s . 
Spence (1936, 1938, 19U2) carr i ed out several experiments aimed a t d e t e r ­
mining the condit ions under which chimpanzees respond to abs trac t r e l a ­
t ionships based on s i ze . He found t h a t r e l a t i o n a l responding in chim­
panzees depended on the s ize r a t i o s of the t r a i n i n g st imuli and on whe­
t h e r the problem involved two or three s t imul i . Kel leher (1958) has 
shown t h a t chimpanzees can solve problems on the bas i s of spec i f i c p a t ­
t e r n s , and to more abs trac t s t imul i in which a common p a t t e r n element i s 
invo lved . More r e c e n t l y , i n v e s t i g a t o r s have shown that chimpanzees can 
perform on the bas i s of the abs trac t concept of middleness (Rohles & 
Devine, 196, 1967). 
The Reversal-Nonreversal S h i f t Problem 
Findings regarding r e v e r s a l and nonreversal s h i f t problems i n 
concept formation experiments have been of p a r t i c u l a r i n t e r e s t because 
of d i f f erences found in the performance of human and nonhuman subjects 
on t h i s t a s k . As seen in Figure 1 the paradigm f o r these problems i n ­
vo lves f i r s t having a subject l e a r n a discriminat ion on the bas i s of a 
given dimension, such as brightness (e .g . black i s c o r r e c t , white i s 
i n c o r r e c t ) when the st imuli vary on two or more dimensions. Then, 
a f t e r reaching a c e r t a i n l e v e l of performance cue values of the problem 
are changed. In a r e v e r s a l s h i f t , the same dimension i s r e l e v a n t , but 
Original Problem 
Discrimination S h i f t s 
Reversal S h i f t Nonreversal S h i f t 
Figure 1. The Reversal-Nonreversal S h i f t Paradigm 
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the correc t so lut ion i s opposite the prev ious ly correc t solution ( e .g . 
where black was correc t and white was i n c o r r e c t , now black i s i n c o r r e c t 
and white i s c o r r e c t ) . Thus the solut ion i s reversed in a r e v e r s a l 
s h i f t problem. In a nonreversal (a lso c a l l e d extradimensional) s h i f t 
problem another dimension becomes r e l e v a n t . That i s , the bas i s of the 
so lut ion i s no longer the p r e v i o u s l y r e l e v a n t dimension, but i s now a 
dimension which was prev ious ly i r r e l e v a n t (e .g . whereas black was cor ­
r e c t p r e v i o u s l y , o r i e n t a t i o n i s now the r e l e v a n t dimension, and b r i g h t ­
ness i s i r r e l e v a n t ) . 
There are d i f f erences between human and nonhuman subjects with 
regard to r e v e r s a l and nonreversal s h i f t performance. A v a r i e t y of 
animals, such as r a t s , chickens, and monkeys, show b e t t e r performance 
on nonreversal problems than on r e v e r s a l s h i f t problems (Mackintosh, 
1962; Brookshire , Warren, & B a l l , 1961; Tighe, 19610 while human adul t s 
show superior performance on the r e v e r s a l s h i f t problem (Kendler & 
D'Amato, 195). Within human subjects there i s a l so a developmental 
t rend . Nursery school chi ldren show superior performance on the nonre­
v e r s a l problems, and with age there i s a gradual change in t h i s r e l a ­
t ionship u n t i l i t r e v e r s e s so t h a t o lder chi ldren perform b e t t e r on 
the r e v e r s a l problem (Kendler & Kendler, 1970)• 
To account f o r these d iverse r e s u l t s , Kendler (1971) proposed 
a mediational stimulus-response model. He postulated t h a t the adult 
s u b j e c t ' s o v e r t response i s mediated by a covert v e r b a l response to the 
st imulus. For example, s ize or co lor could serve as mediating responses 
to a l a r g e - s m a l l or a red-green discr iminat ion. As language develops 
in the ch i ld , the tendency to use such verba l mediators increases , thus 
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accounting f o r the developmental trend as wel l as the d i f ference between 
human and nonhuman performance. Kendler and h i s assoc ia tes (Kendler, 
Kendler, & W e l l s , I960) a l so suggest t h a t chi ldren go through a period 
during which v e r b a l responses appropriate to the r e l e v a n t dimension are 
a v a i l a b l e , but do not serve as mediators between the externa l s t imul i 
and the o v e r t responses . That i s , the ch i ld , at a c e r t a i n stage in h i s 
development, can use such terms as black, white , c o l o r , e t c , but such 
verba l responses f a i l to contro l over t responses in conceptual problems. 
Such a f a i l u r e i s termed a mediational def ic iency (Kendler, 1972). 
The mediational hypothesis i s supported by severa l s tud ies . 
Kendler, Glasman, and Ward (1972) found t h a t p r e t r a i n i n g with v e r b a l 
l a b e l s had s i g n i f i c a n t e f f e c t s on r e v e r s a l s h i f t performance in p r e ­
school ch i ldren . Subjects who were taught to use common l a b e l s f o r 
s t imul i (curvy or pointy f o r curved or r e c t i l i n e a r l i n e s ) performed 
b e t t e r on r e v e r s a l s h i f t problems than subjects taught only to attend 
to the e s s e n t i a l characters of the s t imul i , and control subjects who were 
given no specia l p r e t r a i n i n g . In addi t ion , Kendler, Kendler , and Sanders 
(1967) compared r e v e r s a l and h a l f - r e v e r s a l s h i f t performance in col lege 
s tudents . St imuli were e i t h e r conceptually r e l a t e d words or unrelated 
consonant t r i g r a m s . The procedure involved having subjects sor t s t imul i 
i n t o predetermined ca tegor i e s . A f t e r l earning the o r i g i n a l sort ing 
c l a s s i f i c a t i o n , subjects were required t o l e a r n a new c l a s s i f i c a t i o n , in 
which e i t h e r h a l f the st imuli were c l a s s i f i e d opposite to t h e i r o r i g i n a l 
c l a s s i f i c a t i o n ( h a l f - r e v e r s a l s h i f t ) or a l l the st imuli were given a 
c l a s s i f i c a t i o n opposite the o r i g i n a l c l a s s i f i c a t i o n ( r e v e r s a l s h i f t ) . 
When conceptually r e l a t e d st imul i were used, the r e v e r s a l s h i f t was 
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executed more qu ick ly . However, when unre lated tr igrams served as 
s t i m u l i , r e v e r s a l and h a l f - r e v e r s a l s h i f t performance were not s i gn i ­
f i c a n t l y d i f f e r e n t . Since consonant tr igrams are e s s e n t i a l l y meaning­
l e s s , verba l mediation i s presumably g r e a t l y reduced when they are used 
as s t i m u l i . The mediational hypothesis i s t h e r e f o r e f u r t h e r supported 
by the f inding t h a t in adult subjec t s , r e v e r s a l s h i f t performance i s 
disrupted r e l a t i v e to performance on h a l f - r e v e r s a l s h i f t s . 
Studies of t ranspos i t i on which indicate t h a t verba l mediation i n ­
creases with age provide f u r t h e r evidence in support of the mediational 
model. Transposit ion problems invo lve t r a i n i n g a subject on a discrim­
inat ion problem which can be based on e i t h e r an absolute or a r e l a t i v e 
cue, fol lowed by presentat ion of t e s t s t imuli t o determine which cue, 
absolute or r e l a t i v e , contro l s the subjec t ' s response. Size i s often 
used as the r e l e v a n t dimension i n t ranspos i t ion problems. The paradigm 
f o r the two-stimulus t ranspos i t ion problem i s presented in Figure 2 . 
Two s t i m u l i , i d e n t i c a l except f o r s i z e , are presented to the subjec t . 
In the o r i g i n a l d i scr iminat ion , the reward might be given f o r choosing 
the l a r g e r o b j e c t , f o r example, A f t e r the subject reaches c r i t e r i o n 
performance on t h i s d iscr iminat ion , a t e s t problem involv ing two new 
objects i s presented. The smaller of the two new objects i s r e l a t i v e l y 
c lose i n s i ze or equal t o the prev ious ly correc t ob jec t . I t can thus 
be determined i f the subjec t ' s response i s to r e l a t i v e or absolute cues. 
I f the subject responds to the objec t which i s c lo ser or equal in s ize 
to the p r e v i o u s l y c o r r e c t o b j e c t , h i s response i s t o abso lute , or "stim­
u lus bound" cues. I f he responds t o the new l a r g e r objec t , he i s respon­
ding r e l a t i o n a l l y . Re lat ional responding i s a l so termed "transpos i t ion." 
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Original Problem 
+ • • -
2.0 1.0 
Test: Near Transposit ion Test: Far Transposition 
OR 
8.0 U.O 
• • 
U.O 2.0 
Figure 2. Two-Stimulus Transposition 
Area Ratio - 2:1 
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The t e s t s t imul i in the transpos i t ion problem can be r e l a t i v e l y 
s imi lar i n s ize to the t r a i n i n g s t imul i , in which case the problem i s 
termed "near" t r a n s p o s i t i o n . I f the t e s t s t imul i are r e l a t i v e l y dissim­
i l a r i n s ize to the t r a i n i n g s t imul i , the problem i s termed "far" t r a n s ­
p o s i t i o n . Early s tudies of two-stimulus f a r - t r a n s p o s i t i o n have shown 
t h a t the frequency of r e l a t i o n a l responding increases with age in young 
chi ldren (Kuenne, 1°1|6; A l b e r t s & Ehrenfreund, 1951)• Since the t r a n s ­
pos i t ion response in t h i s instance r e f l e c t s the concept of r e l a t i v e s i ze 
( i . e . b igger , s m a l l e r ) , t h i s concept may serve as a mediator f o r o lder 
ch i ldren . 
Studies of a d i f f e r e n t vers ion of the t ranspos i t ion task , the 
intermediate s ize problem, a l so ind icate age changes in verba l mediation. 
This problem invo lves presenting three stimulus objects together ins tead 
of two, wi th a reward being given f o r choosing the middle-sized o b j e c t . 
Using t h i s task Reese (1962A) found t h a t younger (preschool) chi ldren 
transposed only when the area r a t i o of the st imuli was r e l a t i v e l y small 
(l.69«l.3*1) while o lder (kindergarten) chi ldren transposed when the area 
r a t i o of the st imuli was r e l a t i v e l y l a r g e (U.2:l) as w e l l . I t can be 
seen from Figure 3-that when the area r a t i o of the s t imul i i s small, the 
objects i n a given discr iminat ion are more n e a r l y equal to one another in 
s ize than when the area r a t i o of the st imuli i s l a r g e . I t has been sug­
gested t h a t when the area r a t i o of the st imul i i s small, t ranspos i t ion 
does not requ ire mediation, because the objec t s are l e s s e a s i l y d i s c r i m i ­
nated from each o t h e r . On the other hand, t ranspos i t i on would require 
mediation i f the area r a t i o i s l a r g e , since the objects are r e a d i l y 
discriminable from one another (Stevenson & Bitterman, 1955). Thus the 
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Original Problem 
Small Area Ratio 
(1.69:1.3:1) 
• • • 
luO 3.08 2.37 
Test 
32.0 2U.57 18.9 
Original Problem 
Large Area Ratio 
(U:2:l) 
+ 
• • • 
i i .O 2.0 1.0 
Test 
32.0 16.0 8.0 
Figure 3. Intermediate Size Problem - Far Transposition 
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f inding t h a t o lder chi ldren transpose when mediation i s required, while 
younger ch i ldren do not , supports the mediational def ic iency not ion. 
Rudel's (I960) f inding tha t the a b i l i t y of a preschool ch i ld to v e r b a l i z e 
the middle-s ize concept i s not r e l a t e d to h i s performance on the i n t e r ­
mediate-s ize task gives f u r t h e r support to the hypothes is . 
Chimpanzee Performance on the Reversal-Nonrever sa l S h i f t Problem 
The p r e v i o u s l y discussed s u p e r i o r i t y of chimpanzees to monkeys on 
var ious cogni t ive ta sks r a i s e s a question regarding t h e i r performance on 
the r e v e r s a l - n o n r e v e r s a l s h i f t problem. In view of the superior p e r f o r ­
mance of chimpanzees on these t a s k s , and i n l i g h t of the common ancestry 
of apes and man, i t would be of p a r t i c u l a r i n t e r e s t to i n v e s t i g a t e the 
chimpanzee 1s performance on the r e v e r s a l - n o n r e v e r s a l s h i f t problem. Since 
chimpanzees do not o r d i n a r i l y exh ib i t n a t u r a l language, one might suppose 
t h a t chimpanzees perform s i m i l a r l y to monkeys on t h i s t a s k . As noted 
b e f o r e , however, a s i m i l a r hypothes is , t h a t cross-modal perception was 
dependent on language c a p a b i l i t y , was disconfirmed by demonstrating the 
phenomenon i n the chimpanzee (Davenport, Rogers, & Russe l l , 1973) . 
On the other hand, i f chimpanzees perform s i m i l a r l y to humans the 
mediational theory would have to be examined v e r y c lo se ly since chimpan­
zees, unl ike humans, do not o r d i n a r i l y exh ib i t na tura l language. This 
does not mean to imply t h a t mediational t h e o r i s t s (e .g . Kendler) would 
support the notion t h a t a mediating response must n e c e s s a r i l y be v e r b a l . 
In f a c t there are ways to improve r e v e r s a l s h i f t performance i n nonhuman 
s u b j e c t s . Overtraining on the o r i g i n a l discriminat ion problem produces 
a cross -over e f f e c t so t h a t r e v e r s a l s h i f t performance i s superior to 
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nonreversal s h i f t performance in r a t s (Mackintosh, 1962). A l s o , 
repeated presenta t ions of r e v e r s a l problems are associated with a marked 
improvement i n performance on the r e v e r s a l problem in monkeys (Harlow, 
19U9) and r a t s (Dufort, Guttman, & Kimble, 195U). These e f f e c t s could 
be explained in a mediational framework by pos tu la t ing a nonverbal me­
d i a t o r . I f chimpanzees perform s i m i l a r l y to humans on the r e v e r s a l -
nonreversal s h i f t problem such a nonverbal mediator would a l so be 
necessary to explain chimpanzee performance within the framework of 
the mediational model. 
The problem remains, however, tha t chimpanzee performance i s 
d i f f i c u l t or impossible to p r e d i c t from the performance of other animals. 
Nonhuman animals show a tendency to do b e t t e r on nonreversal s h i f t s . 
I f chimpanzees a l so show superior performance on the nonreversal s h i f t 
problem, the mediational model would be f u r t h e r supported. I f , however, 
chimpanzees do not perform s i m i l a r l y to other nonhuman animals, the 
mediational hypothesis might need to be r e - e v a l u a t e d . I f chimpanzees 
do equal ly w e l l on both types of s h i f t s , or i f they perform b e t t e r on 
r e v e r s a l s h i f t problems, as do human a d u l t s , the r o l e of verbal mediation 
i n the conceptual s h i f t problem would be questioned. For t h i s reason, 
and because chimpanzees show q u a l i t a t i v e d i f f erences i n performance on 
other cogni t ive and perceptual problems, chimpanzee performance on the 
r e v e r s a l - n o n r e v e r s a l s h i f t problem was inves t iga ted in the present 
experiment. 
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CHAPTER I I 
METHOD 
Subjects 
The subjects were 12 chimpanzees, ranging in age from $ to 20 
y e a r s . None of the animals had been exposed to discrimination l earn ing 
problems f o r the pas t seven y e a r s . ' The animals were housed a t the 
Yerkes Regional Primate Center of Emory Univers i ty i n A t l a n t a , Georgia. 
Animals were housed in p a i r s in a home cage which consisted of one out ­
side and one ins ide room. Animals remained in the home cage but were 
separated from t h e i r cagemates during t e s t i n g . None of the animals were 
food or water deprived during the course of t e s t i n g . Subjects were r a n ­
domly assigned to experimental condit ions . 
•Apparatus 
The animals were t r a i n e d and t e s t ed on a modified Wisconsin 
General Test Apparatus (Riopel le & Rogers, 1965), a device s p e c i f i c a l l y 
designed to be used f o r present ing v i s u a l discr iminat ion t e s t s to nonhu­
man pr imates . The apparatus was placed d i r e c t l y i n f r o n t of each a n i ­
mal 's cage f o r t e s t i n g . A metal screen prevented the subjects from see­
ing the ob jec t s while the experimenter prepared each presentat ion of the 
s t i m u l i . St imuli were presented on a d e l i v e r y t r a y containing two food-
w e l l s in which a small chocolate candy serving as reinforcement could be 
p laced. The s t imul i covered the foodwel ls , and the subjects obtained 
the candy by displacing the proper stimulus o b j e c t . The st imuli consisted 
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of four plywood cubes varying on two dimensions: S i ze , l a r g e ( k x k x 
k inches) or small ( 2 x 2 x 2 inches) ; and br ightness , white or b lack . 
Stimuli used in p r e t r a i n i n g consisted of two plywood cubes intermediate 
in s ize ( 3 x 3 x 3 inches) and brightness (gray) to the st imuli used in 
the actual t e s t i n g . 
Procedure 
The procedure genera l ly followed t h a t used by Tighe (196U) with 
rhesus monkeys. A schematic diagram of the procedure i s shown in Figure 
k* Subjects were pre tra ined to displace one of two middle-sized gray 
cubes to obtain a candy reward. Each subject was given 15 t r i a l s of 
p r e t r a i n i n g . On the fol lowing day actual t e s t i n g began. A l l subjects 
f i r s t learned a discr iminat ion based on a randomly assigned r e l e v a n t d i ­
mension. For ha l f the subjects the r e l e v a n t dimension in o r i g i n a l t r a i n ­
ing was br ightness ( e .g . black v s . wh i t e ) , and f o r the remaining subjects 
i t was s ize (e .g . l a r g e v s . s m a l l ) . The subjects were presented 25 
t r i a l s per day u n t i l c r i t e r i o n performance (21 correc t t r i a l s on one day) 
was reached. On the fol lowing t e s t day, ha l f the subjects were given a 
r e v e r s a l s h i f t (same r e l e v a n t dimension, but reversed response contingen­
cies) while h a l f rece ived a nonreversal s h i f t (new r e l e v a n t dimension), 
Following c r i t e r i o n performance on the f i r s t s h i f t problem, the subjects 
were then given the opposite s h i f t problem ( t h a t i s , those subjects who 
rece ived the r e v e r s a l s h i f t were then given a nonreversal s h i f t and v i c e -
versa) on the next day of t e s t i n g . C r i t e r i o n on the s h i f t problems was 
a l so 21 correc t t r i a l s i n one day. 
The general t e s t i n g procedure followed the standard method used 
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Figure h* Schematic Diagram of Procedure 
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with the Wisconsin General Test Apparatus. On a spec i f i c t r i a l the 
experimenter moved the stimulus t r a y forward while r a i s i n g the screen 
between the animal and the s t i m u l i . The subject then displaced one of 
the two s t imul i revea l ing a chocolate candy on correc t choices. A f t e r 
the subject obtained the reward the d e l i v e r y t r a y was moved back and 
the metal screen lowered. I f the subject chose the i n c o r r e c t stimulus 
object the t r a y was moved back and the screen lowered immediately. The 
experimenter then prepared f o r presentat ion of the next t r i a l . The o r ­
der and pos i t i on of st imuli fol lowed an i r r e g u l a r sequence which p r o ­
vided t h a t the same stimulus p a i r not appear more than four times in 
succession and t h a t a correc t stimulus not appear more than three times 
i n succession on the same s ide . 
In the t e s t d iscr iminat ion , (discr iminat ions in which the r e v e r ­
sal and nonreversal s h i f t problems were presented) p a r t i a l r e i n f o r c e ­
ment was contro l l ed by holding the i r r e l e v a n t dimension constant (Tighe, 
1965; Sutherland & Mackintosh, 1971). That i s , i f s ize was the r e l e v a n t 
dimension i n a t e s t d i scr iminat ion , the i r r e l e v a n t dimension, br ightness , 
would be held constant by present ing the two black objec t s together or 
the two white objec t s together on a given t r i a l . Thus, the subject 
would be unable to respond to the i r r e l e v a n t dimension. Each stimulus 
dimension was used equal ly often as the r e l e v a n t dimension during o r i g i ­
na l l earning and the discr iminat ion s h i f t s . 
The dependent v a r i a b l e i n t h i s study was performance on the d i s ­
crimination problems. This was measured by the number of e r r o r s and the 
number of days i t took each subject to reach c r i t e r i o n . 
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CHAPTER II I 
RESULTS 
As s tated be fore , two measures of performance, e r r o r s and days to 
c r i t e r i o n , on the o r i g i n a l discrimination and the s h i f t problems were 
analyzed. The mean number of e r r o r s in o r i g i n a l l earning was 27.92, with 
a standard dev iat ion of 26.i4.l4. The mean days to c r i t e r i o n score in o r i g i ­
nal l earning was 3.25 with a standard deviat ion of 2.09. A simple one­
way a n a l y s i s of var iance (Kirk, 1968) was performed on the o r i g i n a l l e a r n ­
ing data to determine whether the subjects tha t received the r e v e r s a l 
s h i f t f i r s t scored s i g n i f i c a n t l y d i f f e r e n t from the subjects t h a t received 
the nonreversal s h i f t f i r s t . The two groups did not d i f f e r s i g n i f i c a n t l y 
on the o r i g i n a l l earn ing task with regard to e i t h e r the e r r o r t r i a l 
scores , F<1, or the days to c r i t e r i o n scores , F(l,10) = 1.1*8, p>.0£. 
A balanced incomplete block design a n a l y s i s of var iance with 
repeated measures (Kirk , 1968) was used to analyze the t e s t discrimina­
t i o n data . Between subject e f f e c t s assessed through t h i s a n a l y s i s were: 
Reversal versus nonreversal s h i f t performance; f i r s t versus second s h i f t 
presenta t ion; and s h i f t - p r e s e n t a t i o n i n t e r a c t i o n . Within group e f f e c t s 
assessed were: Relevant dimension in the o r i g i n a l l earning discrimina­
t i o n ( s i ze versus br ightnes s ) ; order of s h i f t within subjects ( r e v e r s a l 
s h i f t f i r s t versus nonreversal s h i f t f i r s t ) ; and the dimension-order 
within groups i n t e r a c t i o n . 
The means and standard deviat ions f o r days to c r i t e r i o n scores 
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under each condition are shown in Tables 1 and 2 . Table 1 shows the 
mean r e v e r s a l and nonreversal s h i f t scores and the mean f i r s t and second 
s h i f t presentat ion scores . Table 2 contains the mean days to c r i t e r i o n 
scores f o r subjects who rece ived e i t h e r s ize or brightness as the r e l e ­
vant dimension i n o r i g i n a l l earn ing , and the mean days to c r i t e r i o n 
scores f o r subjects who rece ived a r e v e r s a l s h i f t followed by a nonre­
v e r s a l s h i f t , and the mean scores f o r subjects who rece ived a nonrever­
sa l s h i f t fol lowed by a r e v e r s a l s h i f t . The summary t a b l e f o r the ana­
l y s i s of var iance on the days to c r i t e r i o n scores i s presented i n 
Table 3 . The means and standard dev iat ions f o r the e r r o r t r i a l scores 
under each condit ion are shown in Tables k and 5 . Table k shows the 
mean r e v e r s a l and nonreversal s h i f t scores and mean f i r s t and second 
s h i f t presenta t ion scores . Table 5 contains the mean e r r o r t r i a l scores 
f o r subjects who rece ived e i t h e r s ize or br ightness as the r e l e v a n t d i ­
mension i n o r i g i n a l l e a r n i n g , and the mean e r r o r t r i a l scores f o r sub­
j e c t s who rece ived a r e v e r s a l s h i f t followed by a nonreversal s h i f t , 
and the mean scores f o r subjects who rece ived a nonreversal s h i f t fol lowed 
by a r e v e r s a l s h i f t . The summary t a b l e f o r the a n a l y s i s of var iance on 
the e r r o r t r i a l scores i s presented i n Table 6 , A l l e f f e c t s were eva lu ­
ated using the .05 confidence l e v e l . 
I t can be seen t h a t nonreversal s h i f t s were executed s i g n i f i c a n t l y 
f a s t e r than r e v e r s a l s h i f t s i n terms of days to c r i t e r i o n scores (nonre­
v e r s a l s h i f t mean = 1 .33 ; r e v e r s a l s h i f t mean » 3 . 0 8 ) , F ( l , 9 ) - 178 .26 . 
The e r r o r t r i a l scores show s imi lar r e s u l t s : Nonreversal s h i f t s were 
executed with s i g n i f i c a n t l y fewer e r r o r s than r e v e r s a l s h i f t s (nonrever­
sa l s h i f t mean = l 6 . £ 0 ; r e v e r s a l s h i f t mean = 1*2.83), F ( l , 9 ) « 62.51i . 
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Table 1. Means and Standard Deviations of Days to C r i t e r i o n Scores 
f o r Betv7een Subject V a r i a b l e s : Reversal Versus Nonrever­
s a l S h i f t , and F i r s t Versus Second S h i f t Presentat ion 
S h i f t Presentat ion 
F i r s t Second Total 
Type of S h i f t X S. D. X S. D. X S. D. 
Reversal 3.50 1.38 2.67 2.13 3.08 1.85 
Nonreversal 2.0 2.08 0.67 1.1 1.3 1.80 
Total 2.75 1.92 1.67 1.1*9 2.21 2.02 
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Table 2 . Means and Standard Deviations of Days to C r i t e r i o n Scores 
f o r Within Subject V a r i a b l e s : S ize Versus Brightness , and 
Reversal F i r s t Versus Nonreversal F i r s t 
Relevant Dimension 
Size Brightness Total 
S h i f t Order X S. D. X S. D. X S. D. 
Reversal F i r s t 2 . 6 7 1 . 9 7 1 . 5 0 1 . 6 1 2 . 0 8 1 . 8 9 
Nonreversal F i r s t L l .oo 1 . 8 3 0 . 6 7 o.hl 2 . 3 3 2 . 1 3 
Total 3 . 3 3 2 . 0 1 1 . 0 8 1 . 2 6 2 . 2 1 2 . 0 2 
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Table 3. Ana lys i s of Variance Summary Table: Days to C r i t e r i o n Scores 
Source 
Sum of 
Squares df 
Mean 
Square F 
Treatments (unadjusted) 25.79 3 - -
Subjects (unadjusted) 70.79 11 - -
Treatments within groups 37.79 3 - -
Dimension (Size-Brightness) 30.38 1 30.38 7.36* 
Order within groups 0.38 1 0.38 <1 
Dimension X Order 7.03 1 7.03 1.71 
Error within Treatments 33.00 CO 1|.13 -
Error within Subjects 1.38 9 0.15 -
Treatments (adjusted) 55.97 3 - -
S h i f t (Reversal-Nonreversal) 1.0.1;6 1 UO.I16 178.26* 
Presentat ion ( F i r s t v s . Second) 15.50 1 15.50 68.31* 
S h i f t X Presentat ion 0.01 1 0.01 <1 
Effec t ive Error - 9 0.23 -
Total 97.96 23 - -
* - P <.o5 2 — 
- The experimental design used in t h i s study n e c e s s i t a t e s confounding 
the between subject treatment v a r i a b l e s , s h i f t ( r e v e r s a l - n o n r e v e r s a l ) 
and order ( f i r s t versus second s h i f t ) . The balanced incomplete block-
design a n a l y s i s used to assess treatment e f f e c t s , ad jus t s the sum of 
squares f o r the between subject v a r i a b l e s and the appropriate e r r o r term 
to take t h i s confounding i n t o account (Winer, 1971)• 
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Table I4.. Means and Standard Deviations of Error T r i a l Scores f o r 
Between Subject Var iab les : Reversal Versus Nonreversal 
S h i f t , and F i r s t Versus Second S h i f t Presentat ion 
S h i f t Presentat ion 
F i r s t Second Total 
Type of S h i f t X S. D. X S. D. X S. D. 
Reversal 1.7.83 2lw8* 37.83 25.33 U2.83 25 .58 
Nonreversal 23.83 2U.98 9 .17 10.07 16.50 20. l a 
Total 3?-8? 27.66 23.50 2ii .02 29.67 26.63 
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Table 5. Means and Standard Deviations of Error T r i a l Scores f o r 
Within Subject Var iab le s : Size Versus Brightness , and 
Reversal F i r s t Versus Nonreversal F i r s t 
Relevant Dimension 
Size Brightne ss Total 
S h i f t Order X S. D. X S. D. X S. D. 
Reversal F i r s t 3U.67 29. Ill 22.33 2.93 28.50 27.08 
Nonreversal F i r s t 51.3 2.17 10.3 5.62 30.83 26.1 
Total U3.00 27.3h 16.33 17.74 20.67 26.63 
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Table 6. Ana lys i s of Variance Summary Table: Error T r i a l Scores 
Source 
Sum of 
Squares df 
Mean 
Square F 
Treatments (unadjusted) 5106.0 3 - -
Subjects (unadjusted) 10U6.3 11 - -
Treatments wi th in groups 532.0 3 - -
Dimen s i on (Siz e-Brightne s s) U266.67 1 U26.67 6 . 1 9 * 
Order wi th in groups 32.67 1 32.67 <1 
Dimension X Order 1232.66 1 1232.66 1.79 
Error within Treatments 51U.3 CO 689.29 -
Error within Subjects 861.00 9 95.67 -
Treatments (adjusted) 101.91.36 3 - -
S h i f t (Reversal-Nonreversal) 8603.61 1 8603.61 62.5U-J 
Presentat ion ( F i r s t v s . Second) 1887.25 1 1887.25 13.72-3 
S h i f t X Presentat ion 0.50 1 0.50 CI 
E f f e c t i v e Error - 9 137.57 -
Total 17013.3 23 - -
* - p <.05 
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This f inding i s s imi lar to t h a t of previous studies of r e v e r s a l - n o n r e ­
v e r s a l s h i f t performance of other nonhuman species . Like r a t s and mon­
keys , chimpanzees solve nonreversal s h i f t problems f a s t e r than r e v e r s a l 
s h i f t s . 
I t can a l so be seen t h a t second discriminat ion s h i f t s were, in 
general , executed s i g n i f i c a n t l y f a s t e r than f i r s t discrimination s h i f t s , 
i n terms of days to c r i t e r i o n scores ( f i r s t s h i f t mean = 2 .75; second 
s h i f t mean = 1 . 6 7 ) , F ( l , 9 ) = 6 8 . 3 1 . A l s o , fewer e r r o r s were made on 
second s h i f t s than on f i r s t s h i f t s ( f i r s t s h i f t mean = 35 .83; second 
s h i f t mean = 2 3 . 5 0 ) , F ( l , 9 ) = 13 -72 . This f inding suggests t h a t p r a c t i c e 
on one d iscr iminat ion problem leads to b e t t e r performance on a subse­
quently presented problem. I t a l so appears t h a t t h i s p r a c t i c e e f f e c t 
may be general r a t h e r than spec i f i c since there was no s ign i f i cant i n t e r ­
act ion between r e v e r s a l - n o n r e v e r s a l and f i r s t versus second presentat ion 
( s h i f t x presentat ion) i n terms of days to c r i t e r i o n , F < 1 , or e r r o r 
t r i a l scores , F < 1 . 
The r e l e v a n t dimension i n o r i g i n a l l earn ing did have an e f f e c t on 
scores in the t e s t d i scr iminat ions . Subjects t h a t rece ived s ize as the 
r e l e v a n t dimension in the o r i g i n a l l earning task took s i g n i f i c a n t l y 
longer to so lve the s h i f t problems than did subjects who rece ived b r i g h t ­
ness as the r e l e v a n t dimension in o r i g i n a l l earning (means: Size 8 8 3 .33; 
brightness = 1 . 0 8 ) , F ( l , 8 ) - 7 .36 . Subjects who rece ived s ize as the 
o r i g i n a l r e l e v a n t dimension a l so made s i g n i f i c a n t l y more e r r o r s than 
those t h a t rece ived br ightness as the o r i g i n a l r e l e v a n t dimension (means: 
Size = i i 3 .00 ; br ightness - 1 6 . 3 3 ) , F ( l , 8 ) = 6 .19 . These r e s u l t s suggest 
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t h a t cue sa l iency did have irnportant e f f e c t s on d i scr iminat ion- sh i f t 
performance in t h i s study. 
Order of s h i f t presentat ion ( r e v e r s a l f i r s t versus nonreversal 
f i r s t ) did not appear t o have a s ign i f i cant e f f e c t in t h i s study. Sub­
j e c t s t h a t rece ived a r e v e r s a l s h i f t followed by a nonreversal s h i f t 
did not score s i g n i f i c a n t l y d i f f e r e n t i n o v e r a l l performance from those 
t h a t rece ived a nonreversal s h i f t p r i o r to a r e v e r s a l s h i f t with regard 
to days t o c r i t e r i o n scores , ( r e v e r s a l s h i f t f i r s t , mean = 2 .08; nonre­
v e r s a l s h i f t f i r s t , mean = 2 . 3 3 ) , F<1, and e r r o r t r i a l scores ( r e v e r ­
sal s h i f t f i r s t , mean = 28.5>0; nonreversal s h i f t f i r s t , mean - 3 0 . 8 3 ) , 
F < 1 . 
There was no s i gn i f i can t i n t e r a c t i o n between the r e l e v a n t dimen­
sion i n o r i g i n a l l earn ing and order of s h i f t presentat ion (dimension x 
order within groups) with respect to e i t h e r days to c r i t e r i o n , F ( l , 8 ) -
1.71, or e r r o r t r i a l scores , F ( l , 8 ) - 1.79. 
The r a t i o of each s u b j e c t ' s score on the nonreversal s h i f t problem 
to h i s score on the r e v e r s a l s h i f t problem was used as an index of r e l a ­
t i v e r e v e r s a l - n o n r e v e r s a l s h i f t performance. A r a t i o of greater than 1.0 
would i n d i c a t e superior r e v e r s a l s h i f t performance (lower score on the 
r e v e r s a l s h i f t ) while a r a t i o of l e s s than one would ind icate superior 
performance on the nonreversal s h i f t . A r a t i o of e x a c t l y 1.0 would i n d i ­
cate equal performance on both s h i f t s . The n o n r e v e r s a l - r e v e r s a l s h i f t 
r a t i o s of e r r o r scores ranged from O.Olj. t o 1.1+8 with a mean of O.kk* 
The n o n r e v e r s a l - r e v e r s a l s h i f t r a t i o s of days to c r i t e r i o n scores ranged 
from O.llj. t o 1.33 with a mean of 0 , 6 l , ind icat ing superior nonreversal 
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s h i f t performance i n both c a s e s . 
Two sub jec t v a r i a b l e s , performance on o r i g i n a l l e a r n i n g and age , 
were examined wi th r e s p e c t t o each s u b j e c t ' s r e l a t i v e performance on 
the r e v e r s a l - n o n r e v e r s a l s h i f t problems. C o r r e l a t i o n s between nonre­
v e r s a l - r e v e r s a l s h i f t r a t i o s and scores on o r i g i n a l l e a r n i n g showed tha t 
there was no s i g n i f i c a n t r e l a t i o n between r e v e r s a l - n o n r e v e r s a l s h i f t 
performance and o r i g i n a l l e a r n i n g performance ( e r ro r t r i a l s co re s : r = 
-.20, t = -.6, d f = 10; days t o c r i t e r i o n s c o r e s : r = -.29, t = -.95, 
df = 10). C o r r e l a t i o n s between n o n r e v e r s a l - r e v e r s a l s h i f t r a t i o s and 
age o f the sub j ec t s were a l s o computed. Accura te age data were a v a i l a b l e 
f o r on ly 8 s u b j e c t s , and so the c o r r e l a t i o n s were based only on those 
s u b j e c t s . The k s u b j e c t s whose data are not inc luded i n t h i s a n a l y s i s 
were c l a s s i f i e d as be ing young a d u l t s and mature animals . A l l but one 
o f the remaining sub j ec t s a l s o f e l l i n t o t h i s range . S i g n i f i c a n t nega­
t i v e c o r r e l a t i o n s were obtained between age and n o n r e v e r s a l - r e v e r s a l 
s h i f t performance ( e r r o r t r i a l s c o r e s : r = - . 8 3 , t - -U.9I4., df = 6; 
days t o c r i t e r i o n s c o r e s : r = - . 7 2 , t - - 3 .30 , df = 6). T h i s f i nd ing 
i n d i c a t e s t h a t performance on the nonreversa l s h i f t was r e l a t i v e l y b e t t e r 
in o l d e r animals than i n younger an imals . 
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CHAPTER IV 
DISCUSSION 
The r e s u l t s show t h a t chimpanzees perform b e t t e r on nonreversal 
s h i f t problems than on r e v e r s a l s h i f t problems. Their performance, 
t h e r e f o r e , i s s imi lar t o t h a t of other nonhuman organisms (monkeys, 
r a t s , chickens) , and to t h a t of nursery school ch i ldren . The mediation­
a l model of r e v e r s a l - n o n r e v e r s a l s h i f t performance (Kendler, 1971) i s 
based, in p a r t , on the f inding t h a t nonreversal s h i f t performance i s 
superior t o r e v e r s a l s h i f t performance i n nonhuman organisms. Thus, the 
r e s u l t s of the present study are consis tent with the mediational model. 
As s ta ted be fore , mediation i n a discr iminat ion r e v e r s a l problem 
need not n e c e s s a r i l y be based on language. Repeated r e v e r s a l s and over ­
t r a i n i n g l e a d to improved r e v e r s a l s h i f t performance (Harlow, 19^9; Du-
f o r t , Chittman, & Kimble, 195M • However, the f inding t h a t chimpanzees 
show superior performance on the nonreversal s h i f t supports the notion 
t h a t human conceptual s h i f t performance i s a f f ec ted by the development 
of language. 
Chimpanzees are capable of communicating a t a very sophist icated 
l e v e l using h ighly complex and a b s t r a c t symbols (Premack, 1970, 1971 , 
Gardner & Gardner, 1969) . However, t h i s capacity i s exhibited only in 
experimental s i t u a t i o n s invo lv ing spec ia l t r a i n i n g . I t would be of con­
s iderable i n t e r e s t t o see how animals given such t r a i n i n g would perform 
on the r e v e r s a l - n o n r e v e r s a l s h i f t problem. In humans the actual occur­
rence of language p a r a l l e l s the development of v e r b a l mediation (Reese, 
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1962b) . Thus the f inding t h a t chimpanzees perform b e t t e r on nonre­
v e r s a l problems i s consis tent with the notion t h a t verba l mediators 
a f f e c t human conceptual s h i f t performance. This f inding a l so i s con­
s i s t e n t with the notion t h a t the presence of language a f f e c t s the basic 
nature of l earn ing processes . 
The f inding t h a t nonreversal s h i f t performance was r e l a t i v e l y -
b e t t e r in o lder chimpanzees than i n younger animals i s opposite the 
trend found i n humans, who tend to do r e l a t i v e l y b e t t e r on r e v e r s a l 
s h i f t problems as age increases (Kendler, 1971) • Such a r e l a t i o n s h i p 
has not been p r e v i o u s l y found i n nc>nhuman organisms. Since t h i s r e l a ­
t ionship has not been reported p r e v i o u s l y , i t i s not known whether t h i s 
f inding can be r e p l i c a t e d in chimpanzees. 
In t h i s study, no s ign i f i cant re la t ionsh ip between o r i g i n a l d i s ­
crimination performance and r e l a t i v e r e v e r s a l - n o n r e v e r s a l s h i f t p e r f o r ­
mance was observed. This f inding contras t s with t h a t of Kendler and 
Kendler (1959) who reported t h a t f a s t l e a r n e r s of the o r i g i n a l d i s c r i m i ­
nat ion performed b e t t e r on r e v e r s a l s r e l a t i v e to nonreversa l s , while 
those subjects t h a t were slow l e a r n e r s in the o r i g i n a l discriminat ion 
did b e t t e r on nonreversal problems r e l a t i v e to r e v e r s a l problems. How­
ever , l a t e r i n v e s t i g a t o r s suggested that t h i s f inding was due to a con­
founding of cue sa l iency e f f e c t s with r e v e r s a l - n o n r e v e r s a l s h i f t p e r f o r ­
mance (Heal, Bransky, & Mankinen, 1966; Smiley & Weir , 1966) . When cue 
sa l iency e f f e c t s were taken i n t o account by these i n v e s t i g a t o r s , there 
was no r e l a t i o n between o r i g i n a l l earn ing and r e l a t i v e performance on 
s h i f t problems. The f indings of the present study agree with t h i s l a t e r 
i n t e r p r e t a t i o n . 
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The f inding t h a t t e s t scores d i f f e r e d s i g n i f i c a n t l y according to 
which dimension was r e l e v a n t in the o r i g i n a l l earning discriminat ion 
suggests t h a t cue sa l iency does have some e f f e c t in t h i s experimental 
paradigm. This i n t e r p r e t a t i o n i s consistent with Tighe's (1965) f inding 
t h a t cue sa l iency did a f f e c t both r e v e r s a l and nonreversal s h i f t p e r f o r ­
mance i n rhesus monkeys. Prec i se i n t e r p r e t a t i o n of such a r e s u l t i s d i f ­
f i c u l t i n the present study, however, since the r e l e v a n t dimension was 
not held constant across successive discrimination problems f o r a given 
group of subjec t s . The repeated measures design n e c e s s i t a t e s giving each 
subject t h r e e discr iminat ion problems. Since the r e l e v a n t dimension i s 
not the same in each of these problems, exact i n t e r p r e t a t i o n of cue sa ­
l i e n c y e f f e c t s i s d i f f i c u l t . Nevertheless , cue sa l iency does appear to 
a f f e c t d iscr iminat ion performance in t h i s paradigm. 
The r e s u l t s a l so ind ica te t h a t the animals did b e t t e r , in general , 
on the second discr iminat ion s h i f t problem presented than on the f i r s t 
s h i f t problem. This suggests t h a t p r a c t i c e on the f i r s t s h i f t problem 
f a c i l i t a t e s performance on the second s h i f t problem. The f a i l u r e to f ind 
a s i gn i f i can t i n t e r a c t i o n between r e v e r s a l - n o n r e v e r s a l s h i f t and f i r s t 
versus second s h i f t presentat ion ind ica tes t h a t the d i f ference between 
r e v e r s a l and nonreversal s h i f t performance i s the same within f i r s t and 
second s h i f t p r e s e n t a t i o n s . That i s , the d i f ference between r e v e r s a l and 
nonreversal s h i f t scores i s e s s e n t i a l l y the same whether those s h i f t s are 
presented f i r s t or fol lowing a p r i o r s h i f t . This suggests t h a t p r a c t i c e 
on the f i r s t d iscr iminat ion s h i f t does not d i f f e r e n t i a l l y a f f e c t r e v e r s a l 
and nonreversal s h i f t performance. 
In examining the r e s u l t s , i t i s i n t e r e s t i n g to note t h a t the data 
38 
on days to c r i t e r i o n and the e r r o r t r i a l data y i e l d i d e n t i c a l f indings 
on a l l e f f e c t s . This suggests t h a t both are equal ly s ens i t i ve measures 
of d iscr iminat ion performance, a t l e a s t with regard to the paradigm 
employed in t h i s study. 
F i n a l l y , i t i s necessary to introduce a methodological considera­
t i o n which may a f f e c t the i n t e r p r e t a t i o n of d i f f erences between r e v e r s a l 
and nonreversal s h i f t performance. The comparison of r e s u l t s of d i s ­
crimination s h i f t s tudies in human and nonhuman subjects may not be en­
t i r e l y appropriate since the methods used in studying human adult sub­
j e c t s have not been the same as those used with young chi ldren and nonhu-
mans. In s tudies of r e v e r s a l - n o n r e v e r s a l s h i f t performance of young 
chi ldren and nonhumans, the s t imul i used v a r i e d on only two dimensions 
and only two stimulus va lues within dimensions were used (Kendler & 
Kendler, 1959> Kendler, Kendler, & Wel l s , i 9 6 0 ) . However, when human 
adul t s have been studied, mult ip le dimensions and mult ip le stimulus 
va lues within dimensions have been used (Buss, 1953, 1956; Harrow & 
Friedman, 1958; Kendler & D 'Amato, 1955) • I t has been shown t h a t i n ­
creasing the number of stimulus va lues within dimensions f a c i l i t a t e s 
r e v e r s a l s h i f t performance (Tighe, 1968) • I t i s reasonable to expect 
t h a t increas ing the number of dimensions on which s t imul i vary a l so 
a f f e c t s r e l a t i v e r e v e r s a l - n o n r e v e r s a l s h i f t performance. Spec i f i ca l l y , 
increas ing the number of stimulus dimensions could i n h i b i t nonreversal 
s h i f t performance because the r e l e v a n t dimension might become more d i f ­
f i c u l t to s e l e c t from a grea ter number of i r r e l e v a n t dimensions. This 
confounding of subjects and methods could account f o r the r e s u l t s obtained 
in the r e v e r s a l - n o n r e v e r s a l s h i f t s tud ie s . The e f f e c t s of manipulating 
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number of dimensions and number of stimulus values within dimensions 
need t o be examined. 
ho 
APPENDIX 
Sample Data S h e e t 
S e n s o r y Modal T r a n s f e r I 
S u b j e c t C o n d i t i o n Date Page 
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